Lacey, K. A., Hewison, A., and Parlin, J. M. (1973) . Archives of Disease in Childhood, 48,508. Exercise as a screening test for growth hormone deficiency in children. The serum growth hormone response to exercise has been evaluated in 98 children with short stature. In 65 children growth hormone deficiency was excluded by a single postexercise level of more than 20 mIU/ml. The test is simple and can be carried out as part of an outpatient consultation. It is recommended as an initial screening test for growth hormone deficiency in short children.
In normal subjects there is considerable variation in serum growth hormone levels during the day related to dietary intake and composition (Rabinowitz and Merimee, 1968) , exercise (Buckler, 1969) , stress (Helge, Weber, and Quabbe, 1969) , and other factors. As levels may be low for much of the day (Greenwood, Hunter, and Marrian, 1964) , random growth hormone estimations may fail to distinguish between normal and hypopituitary subjects. Thus, for evaluation of pituitary function it is necessary to measure the serum growth hormone after a stimulus for its release. The most effective stimulus is hypoglycaemia, and a firm diagnosis of growth hormone deficiency requires low growth hormone levels during an effective insulin tolerance test (Root, Bongiovanni, and Eberlein, 1971 ). This test is laborious and unpleasant and carries a risk. Since the majority of short children are not growth hormone deficient, it seems wise to use a screening test before this more complex procedure.
During exercise there is an increase in the level of serum growth hormone and this is associated with a rise in plasma nonesterified fatty acids (Hunter, Fonseka, and Passmore, 1965) , the principal form in which fat is transported for use by muscle (Basu, Passmore, and Strong, 1960 ). It appears probable that growth hormone by its lipotropic action plays a part in supplying fuel for muscular exercise (Hunter et al., 1965) . Buckler (1972) has investigated the use of exercise as a screening test for growth hormone deficiency and has shown that the level of growth hormone in a single specimen taken 30 minutes after the onset of Received 13 November 1972. exercise exceeded 10 mIU/ml in 90% of normal subjects. The subjects in his study were aged from 8 to 48 years, only a small proportion being children. In this paper we present an assessment of the value of exercise stimulation as a screening test for growth hormone deficiency in a large series of short children.
Material and methods
The study population was comprised of 98 children whose heights were below the third centile (Tanner, Whitehouse, and Takaishi, 1966 (Tanner, Whitehouse and Healy, 1962) . In some children pituitary function was also assessed using Bovril (Jackson, Grant, and Clayton, 1968) , insulin (Raiti, 1971) , or glucose (Hunter et al., 1967) stimulation.
Serum growth hormone was estimated by a double antibody radioimmunoassay (Hartog et al., 1964) using Exercise as a screening test for growoth hormone deficiency in children the MRC standard A. The standard used was compared with a sample of the 1st International Reference Preparation for Immunoassay (lst IRP) and was shown to be of the same potency; the results, therefore, are expressed as mIU/ml.
Results
Survey children. Postexercise levels of serum growth hormone. The distribution of postexercise levels in the 79 survey children is shown in Fig. 1 . In 54 children (68%) the postexercise level exceeded 20 mIU/ml, the level suggested as the criterion for the exclusion of growth hormone deficiency (Tanner et al., 1971) . Of the remaining 25 children, whose levels were less than 20 mIU/ml, growth hormone deficiency was considered unlikely in 19 on clinical grounds. The heights of 8 of these were above the third centile when allowance was made for midparental height (Tanner, Goldstein, and Whitehouse, 1970) , and the diagnosis of familial short stature was supported by the fact that their skeletal ages were retarded by less than one year. 7 children had growth rates exceeding 5 cm/year from the age of 5 years and the remaining 4 children had heights that were just below the third centile and skeletal ages retarded by less than one year. The postexercise serum growth hormone levels in all 19 children were between 10 and 20 mIU/ml.
The 2 children with postexercise levels of less than 5 mIU/ml may both be examples of suppression of growth hormone secretion associated with emotional deprivation (Powell et al., 1967) . In both the test was carried out shortly after their removal from home because of parental neglect. One had a Bovril stimulation test 1 month later and the other a glucose stimulation test after an interval of 9 months, and on the second occasion the serum growth hormone levels in both were greater than 50 mIU/ml.
There remain 4 children in whom partial growth hormone deficiency cannot be excluded on clinical grounds; their heights remained below the third centile when allowance was made for midparental height, their growth rates were less than 5 cm/year from the age of 5 years, and their skeletal ages were retarded by more than 6 months. Postexercise levels of growth hormone of 3 were between 10 and 20 mIU/ml, and in 1 the level was 8 9 mIU/ml after exercise and less than 5 mIU/ml after Bovril.
Growth hormone increments. The pre-exercise levels in 42 children are shown in Fig. 2 . In 7 they were greater than 20 mIU/ml, and only in this small group could growth hormone deficiency have been excluded on the basis of this single random estimation. In 4 of these children the postexercise level was lower than the pre-exercise value. In 23 out of 38 children the serum growth hormone rose group.bmj.com on November 7, 2017 -Published by http://adc.bmj.com/ Downloaded from from below to above 20 mIU/ml after exercise, thereby excluding a diagnosis of growth hormone deficiency, and in a further 10 children the value increased from below to above 10 mIU/ml. Of the remaining 5, 3 had pre-exercise levels greater than 20 mIU/ml, while in 2 the levels both before and after exercise were less than 10 mIU/ml. Growth clinic patients. In 19 short children referred to a growth clinic, exercise was the initial screening test for growth hormone deficiency. The results are shown in Table I together with the peak levels after insulin or Bovril stimulation when these were done.
Two children (Cases 3 and 4) with growth hormone deficiency gave consistent results with all stimuli. Consistent results also were obtained in 1 child (Case 6) thought to be stunted for psychosocial reasons. 2 children gave disparate results. Case 5 produced normal growth hormone levels after Bovril, but just failed to do so after exercise. Case 7 failed to respond to both Bovril and exercise, but responded normally to insulin. Growth hormone deficiency was excluded in 9 children using the exercise test during the initial outpatient consultation.
Discussion
The lower limit of the normal serum growth hormone level after stimulation is not exactly defined, and the use of different standards for assay makes comparison between published series difficult. Kaplan et al. (1968) , using a Wilhelmi growth hormone preparation as standard, suggested that a level of 7 ng/ml or more after stimulation probably indicates normal function. Frohman, Aceto, and MacGillivray (1967) , also using a Wilhelmi standard, considered a post-stimulation level of 9 ng/ml to be the critical level. The potency of the Wilhelmi standard is approximately twice that of the 1st IRP, and so the equivalent lower limits of normal would be 14 and 18 mIU/ml, respectively. Stimmler and Brown (1967) , drawing from the experience of workers investigating the normal response in adults (Roth et al., 1963) , suggested 10 ng/ml as the lower limit of normal, though in 4 of their cases not considered to be hypopituitary on clinical grounds the peak level after insulin stimulation was less than this. The most stringent criterion for normality has been taken by Tanner et al. (1971) who considered 20 mIU/ml as the lower limit of the normal response, and suggested that peak growth hormone levels between 7 and 20 mIU/ml indicates partial growth hormone deficiency when the height velocity is consistent with this diagnosis. There may be considerable overlap in peak values between normal children and those with partial growth hormone deficiency, and the basic question of whether a lack of growth hormone is the limiting factor in a child's growth may only be answered by a therapeutic trial of growth hormone.
The exercise test has real practical advantages over most other stimulation tests. It is easily to convert them to mIU. There is evidence that both random and peak growth hormone levels after insulin tend to be higher during adolescence than in earlier childhood 
